[Ni( C sHF 602)2(C18H~ sOP)2] ial F6acac groups, the latter showing some variation but being well in the range typically observed in trans octahedral Ni u complexes containing equatorial F6acac ligands [Ni---O (1)=2.041 (3), Ni--O(2) = 2.048 (2) A] (Porter, Dickman & Doedens, 1988; Cervantes-Lee & Porter, 1991a,b; Romero, Cervantes-Lee & Porter, 1992) . The two F6acac ligands are essentially coplanar and the Ni atom is displaced by less than 0.20 A from the least-squares plane defined by the five-atom rings formed by the O--C---C--C---O atoms of these groups. Other structural features of these ligands will not be discussed further, except to note that we found no evidence for significant disorder in the F-atom positions associated with any of the trifluoromethyl groups.
Structural details associated with the triphenylphosphine oxide ligands show many of the structural features typically observed in other transition-metal complexes containing these ligands. The P atoms possess a tetrahedral geometry with interaxial bond angles ranging from 106.7 (1)o to 110.8 (2) °. The P---O bond measures 1.486 (3)A and is longer than the 1.46 A bond length observed in the crystal structure of free triphenylphosphine oxide (Bandoli, Bortolozzo, Clemente, Croatto & Panattoni, 1970) . The triphenylphosphine oxide ligands coordinate in a bent manner with the Ni--O(3)---P(1) atoms defining an angle of 153.9 (1) °. This bond angle is considerably more obtuse than the 140.4 (3) ° M--O---P angle observed in the structure of trans (dinitrato-O,O')bis(triphenylphosphine oxide)copper(II), the only other monomeric trans triphenylphosphine oxide complex for which structural data are available (Ferrari, Gasparri, Pelizzi & Tarasconi, 1986) .
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Abstract. [Ni2(C5HF602)4(C2H60)2(C4H802)], Mr = 1125.9, triclinic, Pi, a = 9.890 (4), b = 10.942 (4), c = 11.114(4)A, a=100.48(3), ~ --105.45 }3), y= 108.87 (3) °, V = 1048.5 (7) ,A, Z = 1 Dx = 1.783 Mg m -3, A(Mo Ka) = 0.71073 A, /z = 1.057 mm-1, F(000) = 560, T = 298 K, R = 0.0747 and wR = 0.0638, for 298 variable parameters (S = 1.40) and 2759 reflections with F > 0cr(F). A centrosymmetric complex containing a bridging molecule of dioxane is formed by two Ni(F6acac)2 complexes, each of which contains a molecule of ethanol coordi-* To whom correspondence should be addressed. 0108-2701/92/101764-04506.00 nating axially [Ni(1)--O(5) = 2.032 (4)/~]. The Ni centers possess an octahedral coordination geometry and each forms bonds to two equatorial F6acac ligands. The bridging dioxane ligand is located on a crystallographic center of inversion, possesses a chair conformation, and forms bonds to the two Ni atoms that measure 2.136 (4) A.
owing to the ability of the dioxane to form bridges between the transition-metal centers. Examples include the reaction of dioxane with the simple halides of both Ni n and Cun; in both cases an extended network structure consisting of a transition metal alternating with a bridging molecule of dioxane have resulted (Barnes, Sesay & Nicholls, 1977; Barnes & Weakley, 1977) . With hydrated transition-metal complexes, different types of network structures are obtained following recrystallization from dioxane. In these systems the dioxane molecules are not coordinated directly to the transition metal, but are instead linked to the coordinated water molecules through a network of hydrogen bonds (Barnes & Weakley, 1976) . With Cu n complexes containing (pnitrobenzoyl)trifluoroacetylacetone ligands polymeric structures also result; however, with (p-methoxybenzoyl)trifluoroacetylacetone discrete mononuclear bis(dioxane) adducts can be obtained (Evenhuis, Hitchman, McDonald, Goodgame, Kwiatkowski, Dettlaff-Weglikowska, Patkawatchai & White, 1984) . Dinuclear complexes containing a bridging molecule of dioxane have been reported on the basis of NMR data following the crystallization of V(O)(acac)2 from a CH2Cl2-dioxane solution; however, in a preliminary report of the X-ray crystal structure rather long (2.51 A) V---O dioxane bond lengths were observed (Dichmann, Hamer, Nyburg & Reynolds, 1970) .
In our investigations of the coordination chemistry of bis(F6acac)Ni n, where F6acac is the hexafluoro derivative of acetylacetone, we have found that dinuclear Ni n complexes containing a bridging molecule of dioxane can be obtained as condensation products starting from the bis(ethanol) adduct of bis-(F6acac)Ni n. This product (I) constitutes a unique example of a discrete transition-metal complex containing a dioxane ligand; its preparation and its crystal structure are reported herein.
Experimental. Crystals of the title compound were obtained in good yield by refluxing bis(ethanol)bis-(F6acac)Ni n in toluene containing approximately 5% additional ethanol. Crystallization from hot toluene led to the formation of numerous green crystals. An irregularly shaped crystal of approximate dimensions 0.30 x 0.2 x 0.3 mm was mounted on the end of a glass fiber in a random orientation. Triclinic symmetry was suggested on the basis of interaxial angles and confirmed by a Delaunay reduction. Refined cell parameters were determined from the setting angles of 25 reflections with 15 < 20 < 30 °. Data collection was carded out at ambient temperature using a Nicolet R3m diffractometer utilizing the to-scan technique in bisecting geometry and graphite-monochromated MoKa radiation; scan rate variable 3-15 ° min-~; scan range 1.2 ° in to. Three standards (313, 305 and 1740) measured every 100 data showed no significant variation (< 2%) over the period of data collection. A total of 2954 reflections ( + h, _+ k, +_. 1; hmax = 10, kmax---11, /max = 11) with 3.5 < 20 < 45 ° [(sin0)/,~max = 0.538 /~-1] were obtained and corrected for Lorentz and polarization effects. This led to 2759 unique reflections (Rin t --= 6.13%) that were corrected for absorption effects empirically on the basis of azimuthal scans of six strong reflections spanning a range of 20 values (minimum and maximum transmission factors 0.669 and 0.796, respectively). Structure solution and refinement was carried out using the SHELXTL-PC collection of crystallographic software (Sheldrick, 1990) . The Ni-atom position was determined from a sharpened Patterson map; all remaining non-H atoms were located on difference Fourier maps. Ni, O, C and F atoms were refined anisotropically using scattering factors, including terms for anomalous dispersion, taken from International Tables for X-ray Crystallography (1974, Vol. IV) . Refinement was based on F using weights of the form w-l = [o.2(F) + 0.0006(F2)]. The H atom associated with the OH group of the ethanol ligand was located on a difference Fourier map, but was not refined. All remaining H atoms were included in fixed idealized positions with U = 0.08 A 2. Convergence to conventional R values of R = 0.0747 (for all reflections) and wR = 0.0638 with a goodness of fit of 1.40 was obtained using 298 variable parameters and 2759 reflections with F> 0~r(F). No reflections had intensities beyond the range for valid coincidence correction. For final cycle, maximum shift/o, = 0.000 with minimum and maximum residual electron densities of -0.51 and 0.71 e A -3 A view of the structure illustrating the atomic numbering scheme is presented in Fig. 1; in Fig. 2 is shown a stereoview packing diagram of the complex. Atomic positional parameters and equivalent isotropic thermal parameters for all non-H atoms are [Ni2( C 5HF 602) 4( C2 H60)2( C4H 8 02)] presented in Table 1 .* Pertinent bond distances and angles are given in Table 2 Equivalent isotropic U is defined as: one third of the trace of the orthogonalized Uo-tensor.
x Ni(l) 1285 (1) F(I) 4945 (7) F(2) 4849 (7) F(3) 5949 (6) F(4) 546 (7) F(5) -746 (6) F(6) -1258 (8) F (7) 3559 (6) F(8) 2524 (7) F(9) 1540 (6) F(10) -2974 (6) F(ll) -3092 (6) F(12) -3605 (6) 0(1) 329 (4) 0(2) 3182 (4) 0(3) 2171 (4) 0(4) -695 (4) 0(5) 2123 (5) 0(6) 379 (4) C(I) 3297 (7) C(2) 2274 (8) C(3) 900 (7) C(4) 4743 (10) C(5) -136 (10) C(6) 1378 (7) C (7) 1o6 (7) C (8) -1036 (7) C(9) 2286 (10) C(10) -266o (lO) C(l 1) 1195 (7) C__ (12) -1174 (6) C(13) 3628 (10) Porter, 1991a,b) . The Ni---O distances range from 2.013 (4) to 2.019 (4) A and the Ni atom is displaced 0.087 A from the least-squares plane defined by the four equatorial O atoms. Only minor deviations from ideal octahedral geometry are observed in the interaxial angles associated with these ligands which vary from 88.2 (2) to 91.7 (2) ° . Although not common, the crystal structures of transition-metal complexes containing alcohol ligands have been described. The 2.032 (4)A Ni(1)---0(5) bond length in this structure is somewhat shorter than the 2.075 (6) Unlike other systems containing dioxane ligands, the molecule of dioxane in the structure described here resulted from the condensation of two molecules of ethanol. We do not know if this represents a general class of reactions that can be carried out using bis(acac) adducts of the divalent transition metals, or if it is unique to the system described. As far as we know, it constitutes the first example of this type of reaction and additional experiments are underway in order to address this question as well as others that the isolation of this product raises.
